Regulators dedicate much attention to the option that financial institutions in distress have to transfer losses to their creditors. It is generally recognized that the existence of this option provides intermediaries with a powerful incentive to keep firm capital close to the minimal requirement. We argue that undercapitalization however harms profitable growth opportunities. Our model quantifies the interaction of these incentives and derives implications for regulation.
Introduction
The value of risky debt under limited liability is bounded by the value of a firm's assets, as described in Black and Scholes, [3] . Lower equity values or riskier assets increase the risk of debt, to the detriment of creditors and the benefit of equity holders. These effects are usually very important for financial institutions, because they operate with high leverage.
Managers, acting on behalf of shareholders, may exploit these effects on existing or newly issued debt. They may in fact transfer wealth from bondholders by increasing the risk of debt in place. By acting this way, they maximize the value of the default option, held by shareholders. In the case of institutions that are deemed too important to fail, shareholders benefit by an increase in risk even of new debt. Bondholders do not lose wealth in this case, because their potential loss is covered by the public guarantee.
Financial regulation prescribes minimal capital requirements to control the above incentives by limiting risk-taking, that would destabilize markets if left unchecked. In either of the above cases, the default option provides managers with a powerful incentive to expropriate creditors on behalf of shareholders. Therefore competitive forces will motivate managers to choose minimum capital levels and maximum risk to maximize the value of the default put, that accrues to shareholders.
The maximization of the default put may however jeopardize the ability of institutions to exploit their growth opportunities, or franchise, because it leaves them undercapitalized. Lower capital levels increase the probability of failure, which would force abandonment of growth opportunities. The sale of these opportunities to third parties from an institution in distress is often difficult. In fact, for simplicity, in this paper we will assume that there is no secondary markets for the sale of growth opportunities. Hence, franchise value is completely lost in case of default. Thus, in contrast to the default option, the existence of a franchise value provides incentives for prudent risk taking.
As a result, the propensity of the firm toward risk-taking is shaped by the interplay of the default and the growth option, which induces firms to seek or avert risk. We illustrate that with a simple model in the Black-Scholes framework and we draw some policy implications. By considering the impact of the default option, our work extends, within a simple BlackScholes framework, the model used by Froot and Stein in [9] in the context of banks and by Froot in [10] in the context of insurance.
Components of the company value
We work in a continuous time setting with initial date t = 0 and terminal date t = T . We will however consider a financial intermediary who, at timet = 0 has a portfolio of assets and liabilities which remains unchanged until time T , and who can exploit positive net present value investment opportunities at time t = T . The assets of the intermediary have a value A(t) at time t ∈ [0, T ], its liabilities have face value L and are payable at maturity T . For simplicity, we assume that L is not random. We will assume that the value of assets at time t is given by
where (B t ) t is a standard Brownian motion. Hence, log(A(t)) evolves like a Brownian motion with drift µt − σ 2 2 t and volatility σ. We will assume the risk-free rate is equal to zero. In particular, at any time the risk-free value of L is equal to L.
Similar to [1] in the context of insurance companies, we split the value of the financial intermediary into three components: the net tangible value, the value of the shareholder's option to default and the franchise value. Since we assume limited liability, the value of equity of the financial institution at time T is given by the random variable
For our analysis it is convenient to split the value of equity of the financial institution at time T into the two components
where
is the net tangible value of the institution and
is the shareholder's option to default. The random variable X(T ) represents the market value of assets less the present value of liabilities without taking the limited liability of the institution into account. Through the default option we recapture the impact of the limited liability of shareholders.
So far, the value of the company captured by E(T ) does not include the value associated with the ability of the institution to invest in value creating opportunities at time T . To capture this omission we introduce the variable F (T ) describing the net present value of such future "growth" opportunities, i.e. its franchise value. Hence, the market value of the company at time T , which we denote by V (T ), is given by
While we assume that the financial institution can only default at time t = T , we will assume that the its franchise disappears as soon as its liabilities exceed its assets at any time between t = 0 and t = T . Although this assumption is a simplification, it is partly justified because the ability of the firm to acquire profitable new business may be impaired if it is perceived as having a weak financial position before t = T . We will consider the situation where the franchise value F (T ) is correlated with the value A(T ) of the assets.
The default option
Recalling that the risk-free rate is assumed to be zero, the default option value (D(0)) at time t = 0 is then
where N is the cumulative normal distribution function and its arguments, given by Black and Scholes, are functions of A(0), L, the risk free rate r, the time to maturity T and the asset volatility σ.
The first row of Table 1 , where the franchise value is set to zero, reports the values of the default put for a firm with A(0) ranging from 1000 to 1500, L = 1000, r = 0, T = 1 year and volatility 0.20. The put is a convex decreasing function of the asset value. Ignoring the franchise value, the value of the company is equal to the value E(0) of equity at time t = 0:
Note that A(0) − L is independent of asset volatility while D(0) is not. Hence, shareholders and managers acting in their behalf have an incentive to maximize the value of the default option or, equivalently, minimize the value of debt. This can be accomplished, for debt already issued, by increasing volatility. New risky debt would be generally priced by the market on the basis of parameter expectations.
An important exception is the case of institutions deemed to benefit from an implicit public guarantee, such as "too big to fail". Equation (8) still represents the equity value for these institutions. However, the debt is now effectively riskless. The put value is provided by the public guarantee, which is a subsidy to shareholders. Monitoring by regulators is then necessary to limit the value of this guarantee and prevent intermediaries from destabilizing markets through aggressive undercapitalization. Intermediaries, however, have a strong incentive to game the system, reducing capital levels as much as possible. Gaming will be exacerbated by the differences between regulatory capital, defined by a necessarily rigid set of rules, and economic capital, which is often hard to measure.
Franchise
Let now the intermediary have a portfolio of growth opportunities at moment T with positive net present value F (T ), which is assume to follow the same dynamics as A. At earlier dates A comprises the expected value of F (T ), that is the franchise value given by a down-and-out call (DOC) option
where the expression on the right is the product of the value of potential growth at time t = 0 assuming survival of the firm, F (0), times the "pricing" probability that the intermediary will survive long enough for the growth opportunities to come to fruition. In equation (9) the option DOC is defined to be part of A to focus on the survival probability (the complement of the default probability). This way we remove the effect of the increasing probability of successful growth on the value of assets. Of course the option DOC should be added to A, providing a greater incentive, if we were to define A as tangible assets only. Equation (9) is derived from the standard DOC option formula in the Black-Scholes framework (Merton, [16] ), taking into account that we have set the risk-free rate to zero. The strike price is also set to zero, because F (T ) represents the present value of growth opportunities net of investment costs.
The franchise value is monotonically increasing in the distance to default, A/L. Its value at zero capital, A = L, is zero, its upper bound is F (T ) at A = ∞. Therefore it is not a convex function of capital. The franchise value provides an incentive to prudent management, because we assume that F (T ) cannot be sold at its fair value in case of distress.
Risk propensity and policy implications
Financial intermediaries in our framework face the default option, which provides an incentive to reckless behavior, as well as the franchise option, which provides an incentive to prudent behavior to pursue growth.
The sum of the values of the two options, with the parameters introduced above, is reported in Table 1 , where L is kept constant at 1000, while F (T ) and A vary across rows and columns respectively. The sum of the two options equals the default put in the first column, because the probability of touching the default barrier is one if A = L. The default put is decreasing with increasing asset values.
The second row shows that the sum of the two options reaches a minimum for a value of assets close to 1200. On the left of minimum, value maximization provides an incentive for capital reduction. On the right of the minimum the firm has an incentive to be well-capitalized, because the franchise option prevails. For values of F (T ) greater than 200 the total value of the two options becomes monotonically increasing with assets. The option value is then always maximized by increasing assets. The third row reports the sum of the two option values for F (T ) = 300.
The franchise option plays a fundamental role in shaping the risk appetite of financial intermediaries. It provides a natural counterbalance to the default put, and leads to a market-based solution to risk-seeking behavior in the financial industry. Rational risk-seeking is limited to firms that do not have a significant portfolio of profitable growth opportunities. These firms have an incentive to hold very little capital and bypass regulation whenever feasible. Other firms find more profitable the pursuit of stability, which improves their franchise value.
For stability to prevail it is fundamental that firms without significant franchise value be removed from financial markets through mergers or liquidation. In fact their strategy to create value for their shareholders must rely only on the exploitation of the public guarantee, through risk seeking. These firms may actually destroy shareholder value by accepting small projects with positive net present value, which may require upfront investments that may not be recovered. Regulatory forbearance is unlikely to lead to positive outcomes under these circumstances.
Capital requirements play a critical role when the sum of the two options is not a monotone function of capital. This case is depicted in the second row of Table 1 . Regulators should require capital to the right of the minimum for the growth incentive to prevail. Otherwise these firms will find that the default put provides a greater incentive.
Our results are consistent with capital buffer theory, see Calomiris and Kahn in [4] and Diamond and Rajan in [6] , which stipulates that banks do not hold the minimum allowable amount of capital, rather, they have their own preferred target level of capitalization. Also Furlong and Keeley in [11] find that, for a value-maximizing bank, incentives to increase asset risk decline as its capital increases. We note that our results are also consistent with the empirical finding that profitable institutions tend to be well capitalized, even in the presence of deposit insurance; see for instance Berger in [2] , Demirgúç and Huizinga in [5] , Staikouras and Wood in [8] , Goddard in [12] , Graf in [14] , and Jokipii and Milne in [15] . The reason is that profitable financial institutions will have a high franchise which is worth protecting by targeting high capital levels.
Hence, firms with significant franchise values self-regulate. They willingly choose limited leverage and volatility. That makes their identification in the market place obvious. Regulation for these firms is mostly crucial at the macro-prudential level. Price or credit bubbles may inflate or destroy the franchise value of these firms, undermining financial stability.
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6 Conclusions and future work
The risk appetite of financial intermediaries is determined by the interplay of default and growth opportunities. The role capital plays in these opportunities has been highlighted through the modeling of the franchise value as an option, that counteracts the well-known default put.
Intermediaries with high franchise value will choose high capitalization levels voluntarily, a fact that is confirmed by empirical findings. Intermediaries with low franchise values generate instability and are unlikely to change.
